Abstract The aim of this study was to compare the timeto progression and overall survival (OS) in patients with metastatic breast cancer (MBC) with and without deleterious BRCA1/2 mutations. 195 women with MBC who were referred for BRCA genetic testing between 1997 and 2011 were included in the study. Logistic regression models and Cox proportional hazards models were fit to determine the associations between clinical variables and outcomes. Of 195 women with MBC, 21 % (n = 41) were positive for BRCA1/2 mutations. The number of metastatic sites at the time of metastatic disease was not different between BRCA1 versus BRCA2 carriers versus non-carriers (P = 0.77). The site of first metastasis was visceralonly in 70 % of BRCA1 carriers compared to 9 % in BRCA2 carriers and 37 % in non-carriers (P = 0.001). Median follow-up was 2.8 years. BRCA non-carriers and BRCA2 carriers had a longer time-to progression and OS compared to BRCA1 carriers (median time-to progression = 1.3 vs. 0.9 vs. 0.7 years; P = 0.31, and median OS = 4.88 vs. 4.94 vs. 1.34 years; P = 0.0065). In a multivariate model, no association was identified between BRCA positivity and time-to-event outcomes (P [ 0.28). In addition, patients with triple-negative MBC carried a poorer prognosis irrespective of their BRCA status (P = 0.058 and P = 0.15 for the interaction term of BRCA status and triple-negative for time-to progression and OS, respectively). Our data indicate that BRCA1 carriers diagnosed with MBC have worse outcomes compared to BRCA2 carriers and non-carriers. However, the differences in outcome did not reach statistical significance likely due to small sample sizes.
Introduction
Metastatic breast cancer (MBC) comprise only 6 % of all newly diagnosed breast cancer cases [1] ; however nearly 30 % of women initially diagnosed with early stage breast cancer eventually develop metastatic disease [2] . Despite advances in the treatment of MBC, estimated 5-year overall survival (OS) rates ranges from 21 to 40 % [3, 4] .
Breast cancer is no longer viewed as a homogenous disease process, but rather as a compilation of reproducibly identified intrinsic subtypes as defined by microarray gene expression (luminal A, luminal B, basal-like, and human epidermal growth factor receptor 2 [HER2]-enriched subtypes, normal like), each characterized by unique clinicopathologic features and a distinct prognosis [5] [6] [7] . Moreover, gene expression studies have identified subtypespecific predilection to distant metastatic sites [8] . The bone is a common site of first metastases in women with estrogen receptor (ER)-positive and HER2-normal breast cancer, whereas basal-like and HER2-positive breast cancer are more likely to recur in visceral sites, including the central nervous system [9] . It was shown that a high risk of developing visceral metastases shortly after diagnosis was responsible in large part for the adverse prognosis associated with the triple-negative (TN) or basal-like phenotype [10] .
It has been shown that more than 75 % of breast cancer in BRCA1 carriers have a TN phenotype, a basal-like phenotype, or both [11] ; despite this, most studies showed a similar outcome for BRCA mutation carriers compared to age-matched women with sporadic breast cancers [12] [13] [14] [15] [16] [17] [18] in neoadjuvant and adjuvant settings. Up to date, there are limited data on the association of BRCA-associated breast cancer with specific clinical behaviors in the MBC setting. Tan et al. evaluated the clinical impact of germ-line BRCA1/2 mutations in patients with epithelial ovarian cancer (EOC) on responses to first and subsequent lines of chemotherapy, treatment-free interval between each line of therapy, and OS, and observed that BRCA-positive EOC patients had better outcomes than non-hereditary EOC patients [19] . In another study conducted among women with high-grade serous ovarian cancer, BRCA2 mutation, but not BRCA1 deficiency, was found to be associated with improved survival, improved chemotherapy response, and genome instability compared with BRCA wild-type [20] . Likewise Alsop et al. [21] reported improved survival outcomes in patients with ovarian cancer carrying germline mutations. In that study, patients carrying mutations more frequently responded to both platinum and nonplatinum-based regimens than mutation-negative patients.
We conducted this study to analyze the differences in the spectrum of metastasis observed during the course of the metastatic disease, and in time-to progression (TTP), or OS between BRCA mutation-associated MBC and non-BRCA mutation-associated MBC. Our secondary objective was to identify potential prognostic variables occurring in patients with MBC.
Materials and methods

Patient population and data collection
The Breast Cancer Management System database of the University of Texas MD Anderson Cancer Center (MDACC) identified 195 women who were diagnosed with MBC, and were referred for genetic counseling for mutations in the BRCA1 and BRCA2 genes, between 1997 and 2011. Patients with BRCA mutation with uncertain significance were excluded from the analysis.
A distant metastases was classified as a ''bone-only'' if there was evidence of metastases to bone-only; ''visceral'' if there was radiological evidence of metastases to viscera (including lung, liver and/or brain), or involvement of soft tissues including lymph nodes and skin; and ''mixed'' if there was evidence of both bone and visceral metastases at the same time.
This study was approved by the MDACC Institutional Review Board. The prospectively collected data included patient and tumor characteristics at the time of original breast cancer diagnosis, type of chemotherapy or endocrine therapy received, recurrence and survival information, family history of breast cancer or ovarian cancer, and the BRCA gene status. After referral and genetic testing for a BRCA mutation, patients have continued their follow-up and treatment at MDACC. For patients who were treated primarily at another hospital where the primary diagnosis was performed, the data on treatment have been acquired through outside records.
During the study period, patients with ER-negative metastatic disease or patients with extensive liver or lung metastases from ER-positive tumors were treated with chemotherapy. The chemotherapy regimens given were at the discretion of the patient and the oncologist. Patients with bone metastases or low volume liver and lung metastases from ER-positive tumors received a trial of endocrine therapy.
Pathologic assessment and mutation analysis
All pathologic specimens were reviewed by breast pathologists at MDACC. Initial clinical and pathologic stage of all patients were based on the sixth edition of the American Joint Committee on Cancer (AJCC) staging criteria [22] . Tumor grade was defined according to the modified Black's nuclear grading system [23] . Nuclear staining C10 % of ER or progesterone receptor (PR) was considered strongly positive on immunohistochemistry (IHC). We need to mention that in our institution, a 10 % threshold was used to report a positive result of ER until 2010; however since then we report a tumor positive if only 1 % of the cells stain for ER/PR antibodies. Since the patients included in the analysis dates back to 1997, we selected a uniform threshold for all study patients as the treatments they had received in 1990s were based on 10 % threshold.
Human epidermal growth factor receptor 2 positivity was defined as 3? receptor overexpression on IHC staining and/or gene amplification by fluorescence in situ hybridization (HER-2/CEP 17 C 2 were considered as amplified).
BRCA genetic testing was performed using germline DNA by Myriad Genetics Laboratories, Inc (Salt Lake City, UT) and the test results were categorized as either positive or negative for a BRCA deleterious mutation.
Statistical analysis and outcome measures
Patient demographics, clinical characteristics were compared between the three groups by BRCA status (noncarrier vs. BRCA1 carrier vs. BRCA2 carrier), using v 2 tests for categorical variables and t-tests/ANOVA or the counterparts of nonparametric approaches for continuous variables. For patients who presented with stage 1-3 breast cancer initially, we also calculated time-to-recurrence (TTR) which was defined as time from the definitive surgery until the first date of documented locoregional and/or distant metastatic disease. For the whole study population, time to progression (TTP) was calculated from the time of first documented distant metastatic disease to disease progression (encompasses one type/line of therapy for metastatic disease) or to the time of last follow-up. OS was calculated from the time of first documented distant metastatic disease to the time of death from any cause or last follow-up. Patients not experiencing the relevant end points were censored at last follow-up.
Survival outcomes were estimated with the KaplanMeier product-limit method. Cox proportional hazards models were fitted to determine the association of BRCA mutation status with time to event outcomes after adjustment for significant patient and clinical characteristics identified in univariate analyses. P values of B 0.05 were considered statistically significant; all tests were two-sided. Statistical analysis was carried out using SAS 9.1.3 (SAS Institute Inc., Cary, NC) and S-Plus 8.0 (Insightful Corporation, Seattle, WA).
Results
Patient demographics and clinical characteristics
One hundred and ninety-five patients were identified for this analysis, of whom 21 % (n = 41) were BRCA mutation carriers; and 15 % of those (n = 30) were BRCA1 mutation carrier, and 6 % (n = 11) were BRCA2 mutation carrier. The prevalence of BRCA mutations with regard to patient demographics and clinical characteristics is summarized in Table 1 . The median ages at diagnosis of primary breast cancer and of distant metastatic disease were not different between the BRCA carriers and non-carriers (P C 0.16). Compared to non-carriers and BRCA2 carriers, BRCA1 carriers were more likely to have higher nuclear grade 3 tumors (87 vs. 65 % vs. 78 %; P = 0.03), ERnegative (63 vs. 37 % vs. 30 %; P = 0.03), PR-negative (87 vs. 51 % vs. 44 %; P = 0.0005), and TN tumors (58 vs. 23 % vs. 17 %; P = 0.002) compared to BRCA2 carriers and non-carriers. Other disease characteristics were not different between the three groups (P C 0.11).
The median time between breast cancer diagnosis and BRCA genetic testing was 25.5 months. To avoid potential ascertainment (Neyman) bias due to time interval between cancer diagnosis and genetic testing, we did an additional survival on a subset of 177 patients who had their genetic counseling and testing within 12 months of their diagnosis. The distributions of clinical and pathologic characteristics were similar in this subgroup as compared with the entire series (data not shown).
Of 195 women analyzed in this study, 19 % (n = 38) had distant metastatic disease at the time of initial breast cancer diagnosis. Forty-seven (24 %) patients presented with C3 different sites of metastasis. Number of metastatic sites at the time of diagnosis was not different between BRCA1 versus BRCA2 carriers versus non-carriers (P = 0.77). The site of first metastasis was visceral-only in 70 % of BRCA1 carriers versus 33 % of non-carriers versus 9 % of BRCA2 carriers (P = 0.001). Visceral sites of involvement were not different between the three groups, including liver (17 vs. 36 % vs. 29 %; P = 0.28), and brain (10 vs. 0 % vs. 10 %; P = 0.8) in BRCA1 versus BRCA2 carriers versus non-carriers.
Treatment modalities for MBC
For four women, endocrine therapy could not be analyzed. Patients with ER-positive tumors received endocrine therapy regimens as follows: among BRCA carriers (n = 10), 80 % (n = 8) received up to two regimens, 20 % (n = 2) received up to three to four regimens. Among non-carriers (n = 69), 68.1 % (n = 47) received up to two regimens, and 29 % (n = 20) received up to three to four regimens. The median (range) number of lines of endocrine therapy used between non-carriers versus BRCA1 versus BRCA2 carriers were statistically different [1 (0-7), 0 (0-3), and 1 (0-4), respectively; P = 0.002; Table 2 ].
During the course of their metastatic disease, the majority of patients (86.9 %; n = 166/191) received either platinum-or taxane-based chemotherapy regimens, and no significant differences in the use of chemotherapy regimens were found between BRCA carriers and non-carriers (P = 0.33). The firstline chemotherapy regimens for metastatic disease included capecitabine, CMF, taxol ± bevacizumab, abraxane ± bevacizumab, FAC/FEC, AC, TC, TAC, TCH, taxol or taxotere ± bavacizumab, ixabepilone ± capecitabine, gemcitabine ± carboplatin, vinorelbine ± becavizumab. Of 38 BRCA carriers, 84.2 % (n = 32) received up to three chemotherapy regimens, and 13.2 % (n = 5) received four to six regimens. Of 127 non-carriers, 71.7 % (n = 91) received up to three chemotherapy regimens, 21.3 % (n = 27) received four to six regimens, and 7.1 % (n = 9) received more than six subsequent regimens. Table 2 summarizes the median duration of first-, second-, and third-line endocrine therapy and chemotherapy in BRCA carriers and non-carriers. Among women whose tumors overexpressed HER2, the use of trastuzumab (P = 1.0) or lapatinib (P = 0.11) between BRCA carriers and non-carriers were not statistically different.
Probability of survival
The median follow-up times since the start of diagnosis of the metastatic disease for survivors were 2.8 years (range 0.05-34.6) for all patients, 1.5 years (range 0.7-24.2) for BRCA1 mutation carriers, 2.9 years (range 0.6-8.4) for BRCA2 mutation carriers and 2.9 years (range 0.05-34.6) for non-carriers. For the whole study population, the median TTP was 1.1 years (95 % CI: 0.9-1.4 years), and the median OS was 4.2 years (95 % CI: 3.5-6.1 years). BRCA noncarriers and BRCA2 carriers had a longer TTP and OS compared to BRCA1 carriers (median TTP = 1.3 vs. 0.9 vs. 0.7 years; P = 0.31, and median OS = 4.9 vs. 4.9 vs. 1.3 years; P = 0.0065). During follow-up, 17 of 30 BRCA1 carriers (56.7 %), 3 of 11 BRCA2 carriers (27.3 %) and 69 of 154 non-carriers (44.8 %) had died. The estimated 5-year OS rates as of diagnosis of metastatic disease were 46.8 % in the BRCA non-carrier group versus 25.9 % in the BRCA1 carrier versus 42.9 % in the BRCA2 carrier group (Fig. 1) .
Patients with TN breast cancer had significantly shorter TTP and OS than those with other subtypes of breast cancer (median TTP = 0.6 vs. 1.1 years; P = 0.0052, and median OS = 1.5 vs. 4.0 years; P \ 0.0001). The 5-year TTP estimates as of diagnosis of metastatic disease were 5 and 12.5 %; and 5-year OS estimates were 18.2 and 38.5 % (Fig. 2b) for patients with TN breast cancer and those with other forms of breast cancer, respectively. In addition, patients with TN MBC carried a poorer prognosis irrespective of their BRCA status (P = 0.058 and P = 0.15 for the interaction term of BRCA status [positive vs. negative] and TN for TTP and OS, respectively).
Visceral and mixed involvement at initial presentation of metastasis was associated with a shorter median OS compared with bone-only disease (median 4.0, 3.1 and 6.4 years for mixed, visceral and bone-only metastasis, respectively; P = 0.0009; Fig. 3a) . Moreover, the number of metastatic sites was also significantly related to OS (P \ 0.0001; Fig. 3b ). After diagnosis of metastatic disease, patients with 1-2 metastatic site involvements survived a median of 5.5 years, whereas those with more than or equal to three involved sites only survived a median of 2.2 years.
In addition, we recalculated TTP and OS from the date of initial diagnosis of primary tumor to the time of locoregional recurrence or distant metastasis for those patients who pre- In addition, we calculated both the TTP and OS from the time of diagnosis of primary breast cancer to see if it would yield any differences in outcome. significant effects of BRCA positivity on time-to-event outcomes are detected (P-value [0.55) in the multivariate models. In univariate analyses for OS, BRCA1 carriers, patients with N3 status, nuclear grade 3, and TN tumors, and patients with visceral involvement at initial presentation of metastasis, or involvement of C3 different metastatic sites had a shorter OS (Table 3) . Additionally, positive family history of breast cancer, initial M0 status, ER/PR/HER2-positivity, and use of bisphosphonates were associated with a longer OS. Multivariate analysis showed that patients with N3 disease (HR = 2.69; 95 % CI: 1.49-4.88; P = 0.0003), nuclear grade 3 (HR = 2.89; 95 % CI: 1.39-6.01; P = 0.005) and TN tumors (HR = 2.15; 95 % CI: 1.19-3.90; P = 0.001) had an increased risk of death, and patients who had received bisphosphonates had a decreased risk of death (HR = 0.55; 95 % CI: 0.30-0.99; P = 0.04). Compared to non-carriers, BRCA1 carriers had shorter OS (HR = 1.21; 95 % CI: 0.60-2.43), while BRCA2 carriers had longer OS (HR = 0.44; 95 % CI: 0.10-1.86). However, the differences were not statistically significant (P = 0.44) after adjusting for all factors. In this paper, we also analyzed the TTR among patients who did not present with metastatic disease initially. In the univariate analysis for TTR, BRCA1/2 carriers had a higher risk of breast cancer recurrence compared to non-carriers (HR = 1.84; 95 % CI: 
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ET endocrine therapy, CT chemotherapy In contrast, compared to non-carriers, BRCA2 carriers had a non-significantly lower risk of recurrence/distant metastases (HR = 0.80; 95 % CI: 0.40-1.65; P = 0.55). In multivariate analysis of TTR, higher clinical stage (II/III vs. I; P = 0.027), higher nuclear grade (3 vs. 1/2; P = 0.033) and positive TN-status (yes vs. no; P = 0.0001) remained significant for increased risk of breast cancer recurrence or distant metastases. However, no significant effects of BRCA positivity on TTR were detected (P [ 0.377) in the multivariate models.
Discussion
Our data indicate that BRCA1 carriers with MBC have shorter TTP and OS compared to non-carriers and BRCA2
carriers. Yet, in our multivariate analysis, BRCA status is not an independent adverse prognostic factor when other variables are considered. This could be due to the small number of BRCA carriers, especially of BRCA2 carriers.
To the best of our knowledge, this is the largest study reported up to date evaluating the dissemination patterns, prognostic factors and outcomes in patients diagnosed with BRCA-associated and non-BRCA-associated MBC. We also observed that patients with TN breast cancer have worse outcomes with a median OS of 1.5 years, irrespective of their BRCA status confirming our previous observations [24, 25] .
Consistent with the previous findings [26, 27] , BRCA1 carriers were more likely to have high nuclear grade and TN tumors than non-carriers. On the other hand, the ER- positivity rate for BRCA1 carriers in this study (36.7 %) was higher compared with the previous published studies [28, 29] . However in both studies the median age at diagnosis for BRCA1 carriers were 42.3 and 38, respectively. In this study, the median age at diagnosis for BRCA1 carriers was 44.2 and this well may explain the high ER-positivity rate as suggested in a report by Zakhartseva et al. [30] that the ER-negative tumors were more frequently found in young women with BRCA1/2 mutations. Interestingly, the median age and the clinical stage at diagnosis were similar between the three groups.
In addition, the rates of BRCA-positivity between ''white/black'' versus ''the others'' (of which the majority were Latin-American) were inconsistent. However, the uncertainty regarding the prevalence estimates of deleterious mutations in non-White populations still exists and direct comparisons of mutation prevalence by ethnicity are few. Hall et al. [31] reported that women of African (15.6 %) and Latin American (14.8 %) ancestries had a significantly higher prevalence of deleterious BRCA1/2 mutations compared to women of Western European ancestry (12.1 %), primarily due to an increased prevalence of BRCA1 mutations in these two groups. However, a second clinic-based study of women with early onset (\50 years) breast cancer found similar rates of mutations among African American and white women (both 17 %) [32] . More recently, researchers from Northern California have published estimates of BRCA1 mutation prevalence in non-Jewish white (2.2 %), Hispanic (3.5 %), African American (1.3 %), and Asian American (0.5 %) women with breast cancer under age 65 years in a populationbased study [33] . So, it has been unclear to what degree BRCA1/2 mutation frequency differs among women of diverse ethnicities. Herein, we identified 5 independent prognostic variables for survival; however unlike the previous studies, the number of sites of metastases was not associated with survival [30] [31] [32] [33] [34] .
The family history association with longer TTP seems counterintuitive when the mutation carriers are likely to have stronger family history than non-carriers (depending of selection criteria for genetic testing). The reason behind this discrepancy could not be explained by the late presentation and therefore advanced stage of breast cancer diagnosis in women without any family history of breast cancer.
The median time from BRCA gene test to diagnosis of MBC of this study population is 25.5 months. We also compared the clinical and pathologic characteristics between patients who had their genetic counseling and testing within 12 months of their diagnosis (Group A) with the rest of the study populations (Group B). Except that Group B patients tended to have early stage (I/II) primary lesion than Group A patients, the two groups had similar characteristics. With regard the survival outcomes, the conclusions from the analysis of this subgroup remained the same as the ones obtained from the analyses of the whole study population (data not shown). However in our multivariate analysis of the effects of BRCA mutation status on survival outcomes (TTP, TTR and OS), we already adjusted for potential confounders of BRCA mutation status. Authors do not think that this subgroup analysis can avoid any selection bias considering that it is still a convenient sample, not a random sample. Mouse models and pilot epidemiology studies have shown that inherited polymorphisms are associated with an inherited risk of tumor progression and poor outcome in human breast cancer [34] [35] [36] [37] . Using an animal model, Lifsted et al. [35] demonstrated that the genetic background had a significant impact on its ability to form pulmonary metastases. Subsequently, systems genetics approaches have identified a number of polymorphic metastasis efficiency genes [36] [37] [38] [39] . More recently, significant association of variants in RRP1B and SIPA1 with metastasis-free survival was observed, validating their role as inherited metastatic susceptibility genes [40] . Unexpectedly, this association with metastasis-free survival was restricted to ER-positive, lymph node-negative patients (P = 0.01). The lack of association in the LN? samples supports the previous observations suggesting that breast cancer subtypes as defined by gene expression profiles [5] demonstrate preferential sites of relapse [8] . For example, women with TN breast cancer are less likely to experience a local recurrence before developing a distant recurrence [41] . Similarly, BRCA1 carriers, whose tumors express ER less frequently, have been shown to be less likely to have positive axillary LNs at diagnosis than non-hereditary breast cancers [42] .
While the previous studies have shown that presence of lung metastases, ER-negativity, and basal-like tumors as major independent risk factors for brain metastases or visceral metastasis [41, [43] [44] [45] [46] , the data on the biology of organ-specific metastasis are currently scarce. Wang et al. [47] reported a 76-gene profile that can identify breast cancer patients at high risk for a distant metastasis within 5 years; however they were not able to correlate this highrisk profile to the site of relapse, nor did they find an association between the time until distant metastasis and site of relapse in their extensive patient database. Later on, Smid et al. [48] identified a panel of 69 differentially expressed gene profiles from primary tumors relapsing to bone compared to that of tumors relapsing elsewhere in the body. These results suggest that the aggressiveness of a tumor (ability to metastasize) is distinct from the tumor's ability to home and proliferate in an organ-specific manner. Albiges et al. [49] showed that BRCA1 carriers had less bone (P = 0.01) and more lung (P = 0.005) metastases. Additionally, in the same study 10 of 15 (67 %) BRCA1 mutation carriers developed brain metastases, while no (0 %) BRCA2 carriers and six of 58 (10 %) non-carriers did (P = 10 -5 ). In our cohort, tumors in BRCA carriers did not demonstrate a different constitutional predisposition to metastatic disease or a characteristic proclivity to metastasize to certain organs in an organ-specific manner. It is possible that inherited mutations of BRCA 1/2 genes might alter the susceptibilities of tumors to disseminate by activating different pathways; however, at present, neither of these genes have been directly implicated in the expression of extracellular matrix genes, angiogenesis or lymphangiogenesis promoting metastatic spread or virulence in an organ-specific manner [50] .
There are little data on the efficacy of systemic therapy in BRCA1/2-associated MBC. Preclinical studies have shown that mouse and human cell lines without functional BRCA1/2 proteins have an increased sensitivity to agents causing double-strand DNA breaks, such as platinum and anthracyclines [51] [52] [53] [54] . Likewise, Kriege et al. [55] observed an increased response rate (89 % vs. 50 %; P = 0.001), a longer TTP (HR = 0.64; P = 0.04) and a prolonged OS (HR = 0.53; P = 0.005) after start of firstline chemotherapy in BRCA2-associated MBC as compared to sporadic breast cancer patients. For BRCA1 mutation carriers compared to sporadic cases, a non-significant trend for an increased response rate (66 % vs. 50 %; P = 0.07) and a longer TTP (HR = 0.79; P = 0.14) were observed. Moreover, in women with MBC, BRCA1 was shown to be an independent predictor for a shorter TTP on taxane-based therapy while this effect was not observed for anthracycline-based chemotherapy [56, 57] . In our study cohort, BRCA1 carriers who mainly developed TN disease, relapsed quickly on palliative chemotherapy, with median durations of treatment in first-, second-, and third-line of only 16, 24, and 20 weeks, respectively. Yet, the fact that the outcomes were similar between BRCA1 and BRCA2 carriers and non-carriers, majority of whom had received anthracycline-taxane-containing chemotherapy regimens, suggests that BRCA mutant MBCs are just as sensitive to conventional chemotherapy regimens as other high grade breast cancers.
We also would like to emphasize that like their counterparts with locally advanced or early-stage invasive breast cancer, patients diagnosed with MBC warrant genetic risk assessment and testing on the basis of high-risk variables. Notably, the knowledge of a BRCA1/2 mutation is likely to significantly change the assessment of a patient's or her family members' risks for future cancers and the cancer prevention/risk reduction recommendations that would be considered. In addition, the identification of BRCA mutation carriers diagnosed with MBC will accelerate the conduct of future clinical trials which will help us identify their prognosis and also the chemosensitivity profile.
Certain limitations of this study should be acknowledged. Patients were selected from the total group of patients being referred for mutation testing to the MD Anderson, department of Breast Medical Oncology. Thus, the BRCA non-carrier control group may not be a fair representation of sporadic cancers for whom the usual course of MBC could be different. This may also have limited any differences seen between BRCA mutation carriers and non-carriers from the usual group of women with breast cancers. Future studies that prospectively test for BRCA mutations in women treated with systemic therapy should be conducted in order to eliminate the possibility of selection bias. The shorter median follow-up among BRCA1 carriers may have affected the survival outcomes after the diagnosis of MBC. Our sample size is small and we only identified 41 mutation carriers. Especially, the number of BRCA2 carriers is too small to show any meaningful statistical significance; however the clinical and disease characteristics seen more frequently in BRCA2 carriers supports the findings of our previous study [24] . In that study, BRCA2 carriers also tended to have a lower grade and ER(?) tumors compared to BRCA1 carriers. Herein, we did an exploratory analysis by excluding the BRCA2 carriers, and none of the statistical comparisons yielded any difference. Yet, we need to emphasize that although we did not see any clear survival differences or major differences in ethnicity, tumor size, HER2 status between the three groups, potentially important differences that are all associated with survival could have emerged if the size of the study cohort was larger.
In conclusion, our study showed that BRCA1 carriers with MBC have shorter TTP, and OS compared to noncarriers and BRCA2 carriers in this selected population of high-risk women with MBC. However, BRCA status was not an independent adverse prognostic factor when other variables were considered, which can be related to the small sample size. Furthermore, we demonstrate that patients with TN MBC carry a poorer prognosis irrespective of their BRCA status. Future randomized studies with larger prospective cohorts and longer-term follow-up are needed to validate these findings.
